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(57)Abstract 

PROBLEM TO BE SOLVED: To form a ferroelectric capacitor having a 
superior characteristic by a method for manufacturing a semiconductor 
device with a capacitor. 

SOLUTION: The method includes the steps of forming a first insulation 
film 10 on a semiconductor substrate 1, planarizing an upper plane of 
the first insulation film 10, heating the first insulation film 10, forming a 
second insulation film 12 consisting of a silicon oxide film or a aluminum 
oxide film on the first insulation film 10, forming a titanium oxide film 
13a on the second insulation film 12, forming a capacitor lower portion 
electrode 1 5a consisting of a platinum on the titanium oxide film 1 3, 
forming a capacitor ferroelectric film 16a on the capacitor lower 
electrode 15a, and forming an upper electrode 17a on the capacitor 
ferroelectric film 16a. 
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MPffitcJ:«)giJD, -tOiccTiR^JSU^TP^*^ 

t*S. ^CD^m. Ti© (0 0 2) tT-^Mtttt. 'J7 
r U>«^©8 0 %SS^T^'7"C L/£ ^« cntt, CM 



(7) 
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t005 1 ]i8"C "BEL-AN" <hSJKLfcfe© 
«\ JI32 0 0nm©SiON^©±K3 0 0nm©SiQ I P 
N,#Hm*. 6 5 0-C3 0»n©r- 

TiJ5fflRI$©*# (*©#JE) ^fiTSfCTi (0 0 
2) tf-^Stt#9 7 r UVXKlt^t 4 0 

H«tt»»rt*S6ft.5C±*>&fc, C©iRBtoWtftt6 10 

n-So ntf^&mt. sioN^^wsi y-r*© 

[0052] BI8-C "CMP&BEL-AN" £51120 
/c*>©tt k siON^£2 0 0nm©JI£fc:J&^U £6&C 
6 0 0nm©iP3rsiQjg£j£JgLW&K:, SiQ,Jg©3 
0 0 nm<Dm2*CMPte£ l om^tc'&, N2^H^*, 20 
6 5 0*C3 O^HOT^-^^orfltt^^rtTl^ * 

Ti (00 2) fcT-^Sa«», 'J7tU>X© 
2 0 0 /og@[$tWott$o/c e 
[0 053]@8t "CMP&BEL-AN&SiO CA 
P" iSfcbfctOli, Si(*H*2 0 0 nmnffill, 
-ecD±CC6 0 0 nm©/S$*CSiC3jilB*fiHRL*r, SiQ,Jg 
©3 0 0nm©/»S*CMPK:<fc9HUofcffeT* N2^H 
6 5 0U 3 0^n<Z>T--^*?f oTK^X* 
m\ -tOatCSiQi K±«:±i5|l*B^«CDSiQ * + v 7 30 
■*1 3 0 nmCWSSCCJBflSU ^©SiQ, * * * 7'®© 
±«CTi«*»JS3E0ft:TP«J*^"C*S. *©«*. CM 
P, BEL-ANXg^ItC^^:Wt)6f, TiJ® 
0(002) t-^U7r U>*©8 0%$-C@«b 

Hl4©3ft#*C£>ofco 

[0054] yL±<DC£frh. "CMP" £ "CMP& 
BEL-AN&SiO CAP" ©TiJ®#fifc (0 0 2) b 
-2&m^Zt&t>fr-Dtc. fr*J> "CMP" ©TP 3 
*'>J:©Tiig*> (0 0 2) tT-^3WSC>#«, TiflrC£>£ 40 

[0 055]^, ±UVtc 5 «K©TP9*^4>Tili 

**n-en<»Bi{ti/-cTiaBi«:»js£o, -e©TiaH©± 

CCPt«*»J«'pfc*i^©PtBM> (22 2) "ot-^SSft 
^ibt2LfciC5, 09te^T<fc5&fe3l#f#6*ifco 
Ptj^© (222) (Dtr-^MS^iBl^a^OiCCJBSJ 
Sft£^m#K©JK«#S<fc£. IS 9 (2. X^HSf 



#H 2002-289793 
12 

^■ti-etiCDTiOz 2 0nm©Til*6 0 0 °C V 60^ 

b U TfgfiK U fc 6 ©T £> 4 . 
[0 0 5 6 ] M 9 CD "Good TiQ, "te, 08 © "CMP & 
BEL-AN&SiO CAP" (DTmZf&WHtlsXTiQtm 

*j&f$>btz&tc* TiQj^&cptjg£^j£bfcfe©r& 
0, *©M{bBr©TiBI© (00 2) b-*£ r l j t 
U Wb«©TiaK© (20 0) t:-** ri j £U 
-£©_BCPt^© (2 2 2) b-*£ r 1 j thX s Ctl 
(C <fc 0 -e©ffe©T P * *^£*I*S<bL<T l^o 
[OO57]09© "Bad TiQj " tt. H 8© "B EL- 
AN" £ "CMP&BEL-AN" ©TiJBISrJIlfflMbUr 
TiQrKSrSfiRly^iaK:, TiQJK±CtPtjg£^f£bfcfc© 

^9© "Ai a o, " AiiQ, mo±( ( cm 

[0 0 5 8 ] 0 9fc:J:*U2, Ti^©;^;^!^?*© 
(2 0 0) b-*jWBC»<fc* Pt(2 2 2) \Z-2im< 
^o*rt^C<b*5^4o SSil^TiQ, (2 0 0) b-^© 
&©fcfc, T^jvy r *r£>£A"i 2 Q, ^±©PtjgKli;b^ 
Pt(222) ^^a<^ori^ci^e, Pt 

©din Kfatt*«*s-eT<<>*. s^ c > Ti <° 
02) ^ft£®HbL*o#e>*a£Tio 

, (2 0 0) f-^iK^otl^CtW^o 

[0059] vtci)^x. awttteatts^iKtajflaR 

©Pt©TW«S»*»Sfc*K:«, Ti© (0 0 2) b- 
^*9S<r&fMI*s*0. C©C<brfp*>, S8© "CM 
P&BEL— AN&SiO CAP" , IP%±iBU/c^Sfe^ 
a8©^^^->»©^XS3&s*fe»* Ulr>C 
4. £C6"C, H8tC7nl//c5aS©TP^*^±©Ti 
«**ti**iBMtLTTift«l*«J«L. *©±«cPt« v 

plzti, ir^TO*»srr*ra*a^5iw*** 

[0060] ^5CCj:ntf. "Reference *' <b "CMP 
&BEL - AN&SiO CAP" ©ftWJRrtt^A^ C i *> 

!^Ftt«, ±a5^S£TSP^©©r^CC7 V, 10 7 0, IE 
n<DJWZ*wmij. t7JS!©Q,.^l 0 0%£Ur, 3g 

[0 0 6 1 ] ft**, «5-C«S?^#14^fflSU/ci^€: 
mlt^t, *TP^*^±©9S»«**-!'^>*©Q 
..ttAftOaw&^ifitoft***. HKHtte "Referenc 
e " £ "CMP&BEL-AN&SiO CAP" 
^x^±CcjgJ5RSti^:Sffll«ft*i'^^*©Q.-«, * 
©ffe©^©<*:0 ^2 /xC/cm* a&*»< 

[006 2] 
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[315] 





Qsw(MC/cm^) 




Ref. 


29.2 


5.3296 


CMP 


29.3 


7.50% 


BEL- AN 


30.3 


7,75% 


CMP & BEL- AN 


29.8 


8.37% 


CMP & BEL- AN 
& SIO CAP 


30.4 


6.31% 



[0063] JW±. mffi&tiSilCfe^xm}Otc&. 2fc#S 

ffl-C*5b, B?iSm#*m<!:t,TPZ'I\ PLZTSrffl 
^•S^fc^tCiaiBOtotf. ffe©3£SSm<*tmfcfl3l^S 
Ci^5. Wttt\ SBT. SBTNf4ffll,»T«) 

^.{tV^if^m, MOCVDSf4ffll<»5i:i*i-C* 

[0064] 03(a) (CmLfc+t"^ll 2£ 

«fiSTS«?2f<!:L.t:siOk<D«*)0«:Al J a SrSfflt/r*. 
<£t>. ?:/JIl 2 tfc&AljQ, KB, 3*6KSVr^ 
ff"CiSJ3jgX^^^K:«fc»3mB2 0 nm©J?$tO&J& 

[0065] 
[346] 



AI203 


Artf*E 


Ar#Xaft« 


RF/X«7- 




l.OPa 


20sccm 


2.0kW 


408> 



[0066] -5-©«fc 5 &A1, Q, <D*t7^112 ©±«: 
Ti)gl3*^L. -e©TiMl 3£&&{tl,TTiq,JKl 
3 aSr^fiSTSi. Al.q, HLh.©TiQ, JI§ 1 3 aCDfegtt 

(US 2 ©«&©0SD iKK . 2 M6ffJSSCC# 

S W*§£g©«J»X1i£i8l5lir S. 
[0 06 7] 02(a) -CO tCmVIc*. 5 «C. f 

icwim®itm&i r*xMtu mi«fg!«&£isi 1©* 
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* as* c m pftKj: d spsft-r s £-c©inw3i i mm 
mmtmwix-ihz. m^xmi oca) k^-t^sk:. sn 

1 1 1 ©^Sffcffii&CAl, a <fc 9 & S * + ? 

^"Jll 2 &&mm&X>*7 Z<tJ:K>2 0nm©JS3tcJ£ 
SH"5. ^©X ^^«^6i|§IDK:-r 

[0 06 8] CC&CC. 010(b) cc^-ri^w:. 
•^B12 aCitCPt/no, 8iJH*j§T?B:&<. TgPH 
®g 1 4 i OT)gJ¥ 1 5 0nmOiiSi(DPtii^rt 
10 yiHC**) ffi8.?Z>. v *&fl=ttflMUiB*lffl* 1 8 
2#£L.. -e©fffeB3?2£|gD£-r.5.. CCt. 
fflg 1 4 <b *<OTmtikt LX PtAiQ. /SiQ, ISJgfJtii© 

T©SiQ,)gl 0©B?»*£Wftt>U TiK©* 
Si, Tig©K{k©2Ig£&^T#*fiJ.£«>&.5. 

[0069] ^-L-r. pdg^^L/fcg. ftumtmwi 

tm&K. TgPmS^14±KPLZTKl 6, ±asm 
±8P^gl 7 a. 3&§SS(*Jgl 6 a&gl&U *tih<D 

iKj^t^iigiMi/, &i,>-c. iaiO(c) 

(C^TJr^K. T3S3&&1 4£>'•!*--:>i'L-C*-^ 
;^•S<'*C©Tg|5m^i 1 4 a £^J£T£, ^©&©Xgtt 

m i ^*H^£n«^©-c#B5-r *. 

[0070] U±.<OJLW.C&*)Bf$,Z*Ltc*r*rtlsZ C 
©T8Pm«B 1 4 a©#tt^ia^SfctoK:. *A9i«tt. 
« l ^ieJB«g-cSffl Lfcpt/TiOi /sia a®«j§©±«: p 

30 j£L,fc*§£©*4 s»*>^SlfJK?£. *mffiB1&<D<i; 
*> K Pt/Al, Q, a^«J»©±«C P L Z iSEmfiifcB 
j&OT^m#* + ;^*£tS)£Uftti^©x-f 

[00 7 1 ]^©Hitl 5 0itmfttCA$-i>i/3 
nfc±gpmS 1 7 a £-e©T©TSP^SS 15K^B- 
:/«3TT«&fcfTofc. 347 t*. ^l*ffi^<Sg©TSI5 
mS«^£^2 Hj6^©TSP^e«S©St>«: J: 5-9- 
>7';U©m^fi ! j!gtt©i^^ 0 Tl> -5. 
40 [0072] 
[*7] 





Qsw(/iC/cm 2 ) 


y~^«5t(A/cm2) 




Pt/TlOz 


31.4 


8.27X1 0" 4 


5.33% 


Pt/Al2Q3 


30.3 


1.04X10" 3 


5.11% 



[0073] mi*<Dm\mt. 3VWtiQL?ctif<DX>( tC^tt«M*^/cWtXi'^, Q„ «Pt/TiQ 0^>^ 
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W*<DT»«BHt£® 1f> 7 Jilt fcl >T«{4M«m 6 ft 
[0 0 74] ««<0»T3^J«, 7 V, 10 7 EL lE^CD 

jwcdq..£i oo%ttt, aB^aajea. f9%Q B .* s a 
\*mm&ti&£. c z> c t r> it. 

[0 0 7 5] SftliWIiLtPLZTtll^ 

^Offi(DPZTX«PZT^tm^ SrBi,Ta,a. 
SrBI.CTa.Nb). a «WDW»ttli»ft*W»*»c»rfc J: 

[0076] 

[*IH<D»*l JM±a^±5^*»WCCj:ti«, CM 
fi, tt*»t«eJSW-*XH4* + i^N # 2/*fi§T6l««JB 
J&,LrttTMSi<D (002) e-*«*<TSCi**"C*. 
ftt>> POUcMWfil 0 0-1 5 0nm£;rt:#l>tfc« 

[0 0 77] 3 *«98Of&0«JBCCJ:ti«, CM 

pzmLtctmm±ic, t^— alq ii«edtrs 

U o^TTffWWB^fcfcPtiAUCb ■LkfadMfS 
*J10 0-rl5 0nm^*CW, Prt>tefttt*S 
[0ffi<D«#ftIttW] 

[HI ] HI (a),(b) FeRAM^^V-fe^CDiaiS 
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[02] 02(a) -(c) 1 *IBB1IR«C« 

5F eRAMOy*y^©^fiSXa**"J"BfHSBI <* 
<Dl ) 

[H3 ] 0 3 (a) —(c) 1 ^JBI5JBKe« 

5F eRAMO Hs^OJKJflEXgSr^'rBffflia (* 
(02) -C$>2>o 

[04 ] 0 4 (a) -(c) #f£93<E>Si 1 XMBKllMctK 
*F eRAMO^*' , J'fe^©JKJflEXg*^ , *"IKBHia (* 
<D3) T?£>£o 

[H5] 05(a) -(c) #f69J<DSS 1 $*W&Bfc% 
£F e R AM©-rf* V -fe^OlSSDStSTIIffiBBi (* 
CD4) 

[06] 06(a) -(c) te, 1 ^JfiJKJB^W 

-5F eRAMOy^'J-feil'OJBfiEXg^TBfaBH (* 
(Ob) Xtb&o 

[07] 07(a) -(c) 1 ^JB&SBKift 

4F eRAM(D^^: , ;*fe^CD^RSXIi^'rSfffi0 (* 

<D6) -c*a. 

[08] 0 8W\ **M©*S6»»5C«t*TiKt-^©<ft 
OXHte J: 4Ti«©tta*^r Ht?* 4. 
[09] H9(t #*9I©^»«teJ:*Ti«L Tio 
PdRi^©ffi©XS«:j:STiK, Tip* flit pxM<D 

[0 1 0 ] 0 1 0 (a) -(c) #»9i©»2»B&B 
K:^£F eRAM©>*U*^©JR8txa*5^IKBB! 

[flMf<Di&9» 

i« -5/«;=i> ate 2-*^sstet*K* 3 

Ba-ffBUI. 6 b 7 a. 7 
b. 7c-WWtM, 8-MOSf7>^, 9 

•••■hhsjiji, lo-siOiia, 1 1 -jhrdkinr* 1 

2. 12a-tt9^1, 13— TilR. 13a-Ti0 
.11. 1 4 . 1 5 -Tmn. Ua, 15a-TW 
mm. 16-PLZm 16a-W««* 17- 
±««ffi)B, 17a-±«MWL 

2 1 HMIMIIk 2 3a, 2 3b. 2 3d-»«t^ 
2 4-HfU»±H* 2 2 
6 a -EM, 2 6b~'<* F* 2 6 d 
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[01] 



W err 

WL- 



BIT 



1 CeU i 



2T/2C 



(b) 



BO- 



WL 



WL- 



-c 2 



1T/1C 




(b) 



10 S!02« 




9 KftttjtH 



2 



7a S 7b 5 7a 3a 



4i 



7a 5 7b 5 7a 3a 











— t> = 



[08] 



[S9] 



TU102.Pt©|6»!»tt« 



Referenca CMP BEL-AN CMP* CM>& 

BEL -AN BEL-ANA 
SSOCAP 




GoodTOz BadTKfc AJ2O3 

(Amorphous) 



#132 00 2-289793 



[H3 ]- [H41 




(12) 



#^2 00 2-2 89 79 3 



[05] 

■iX*»a(4) «1**»«<5) 




(13) 



2002-289793 



(a) 



CH7] 



Vl*Jfc»tt(Bj 



23b 23a 2 ^^ 21e 19 




^ — v-t — / / V 

3a 1 17a 16a 15a 12 



23b 23a 19 21e 17a 23d 




\ I I — t— v 



7a 5 7b 5 7a 3a 1 13a 16a 15a 12 
(c) 26b 23a 26a 26d 

23a(T 




[010] 



(a) 



1 2a M&iArWJm 10 9 



7a 5 7b 5 7a 3a 1 16a 15a 12 13a 




9 10 



V2)$mm mm mm 

««iii*;i»**jpa8j^«*4Ta 1 : 

F £-A(#3f ) 5F083 FR02 FR03 CA27 JM5 DA17 
3A38 JA40 JA42 JA43 3A45 
JA56 m06 WM8 W<20 PR21 
PR22 PR34 PR40 PR43 PR 5 3 
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